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第一部分 腺苷酸激酶 AK1 的溶液结构研究 
摘 要 
腺苷酸激酶是生物体内广泛存在的一类单体酶。作为生物激酶，AK蛋白家













文采用基因重组技术和同位素标记技术制备了13C 和15N 标记的hAK1 蛋白样
品，利用异核多维核磁共振技术，采集了一系列二维和三维NMR 谱图。2D 1H-15N 
HSQC谱图分散性良好，表明蛋白折叠很好。hAK1蛋白的主链除了脯氨酸外基
本上都得到归属，除了芳香环原子，83%的氨基酸侧链也得到了指认，归属的
化学位移已经递交到BMRB数据库(BMRB: accession code 18133)。 
目前我们正在优化hAK1的溶液结构，初步结构计算结果表明整个蛋白包含
12段α 螺旋 (7-10, 26-36, 46-49, 57-61, 65-68, 74-89, 104-113, 127-137, 148-162, 
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Abstact 
Adenylate kinases are small monomeric enzymes which widely exist in a 
variety of organisms, from bacteria to mammals. As protein kinases, AK is a highly 
conserved family with molecular weight in the range 22-26kDa, catalyzing the 
phosphotransfer reaction Mg2+.ATP + AMP  Mg2+.ADP + ADP. To date, 
at least seven different human isomerases have been identified, AK1-AK6. AK1 
mainly exists in more energy consuming organs. AK1 plays a crucial role in many 
processes such as neuronal maturation and regeneration, gating of ABC transporter 
CFTR, rapid proliferation of the tumor, myocardial energetic homeostasis and 
phosphotransfer network. The activity of AK1 is dependent on Mg2+or Mn2+.  
The three-dimensional structure of AK family is very similar, which is mainly 
composed of α helixes. AK is comprised of an important glycine rich region and three 
main conserved domains including CORE, LID, and NMP. During the catalytic cycle, 
LID interdomain is arranged to bind metal chelated MgATP or MgADP, while NMP 
binds particularly the unchelated AMP or ADP.The structural analysis demonstrates 
that apo AK adopts an ‘‘open’’ form.once AK is ligated with the substrate AP5A, the 
holo AK adopts a ‘‘closed’’ form. AP5A is a diadenosine pentaphosphate in which a 
fifth phosphate is used to connect ATP and AMP. Ap5A is used to imitate both AMP 
and ADP. 
The human AK1 (hAK1) and its homologues are well conserved. Up to now, the 
three-dimensional structure of hAK1 has not been reported and the catalytic 
mechanism of AK1 is still unknown, although crystal structures of AK1 from other 
species have been determined.  
In this dissertation, we try to determine the solution structure of hAK1 by 
multidimensional heteronuclear NMR techniques. We prepared 13C and 15N labeled 
hAK1 protein samples and carried out a series of 2D and 3D NMR experiments. The 
2D 1H-15N HSQC spectrum of AK1 is well-dispersed, suggesting that the protein 
adopts a well-defined three-dimensional structure. Ninety-seven percent of all 
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Eighty-three percent of side-chain resonance assignments were completed except 
aromatic atoms. Chemical shifts were deposited in the BioMagResBank under the 
access number BMRB 18133.  
We are now optimizing the solution structure of hAK1.The preliminary result 
shows that hAK1 is composed of twelve helixes (7-10, 26-36, 46-49, 57-61, 65-68, 
74-89, 104-113, 127-137, 148-162, 166-172, 184-195) and five β-strands(14-19, 
41-43, 94-98, 119-124, 175-179),which is in accordance with the secondary structure 
prediction of hAK1 and similar with the three-dimensianonal structures of AK1 
family.Our work lays the essential basis for the further structure determination of 
hAK1. 
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1 前 言 










































1.2 AK 蛋白三维结构 
目前已经得到结构解析的 AK 蛋白有：玉米 AKmaize（晶体结构，3.5 Å 分
辨率, PDB ID: IZAK），野猪 apo-pAK1（晶体结构，2.1 Å 分辨率， PDB ID: 
3ADK），大肠杆菌 apo-AKe（晶体结构，2.2 Å 分辨率，PDB ID: 4AKE）和
AKe-Ap5P 复合物（晶体结构，1.9 Å 分辨率，PDB ID: 1AKE），鲤鱼 cAK1(晶
体结构，5.8 Å 分辨率，无 PDB ID)，人 hAK1-Ap5A 复合物（双点突变体（K9N，
K194L），晶体结构，1.9 Å 分辨率，PDB ID: 1Z83），等等。近年来其它一些低





































前有两种底物结合机理：（1）诱导契合模型 (induced fit model)；（2）群体移动
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